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Our present conception of the physiologic acid-base equilibrium,
resting largely on the work of L. J. Henderson,1 assigns to the kidney
the principal r\l=o^\lein maintaining the normal alkalinity of the body
fluids. So adequate is the healthy kidney in this respect that the pro-
duction of acid within the body may be increased to many times the
basal amount, as, for example, during great muscular exertion and in
the ketosis of diabetes mellitus, without sensibly reducing the bicarbonate
content of the blood.

Indeed, from the work of Straub and Schlayer,2 Lewis and his
co-workers,3 of Peabody,4 Whitney,5 MacNider,6 Gettler and St.
George,7 Chace and Myers,8 and others, it appears that no appreciable
reduction of the blood bicarbonate occurs, until the function of the
kidney, as determined by the conventional tests, has been affected
gravely. Acidosis, defined as a condition of lowered blood bicarbonate,
appears, then, to be of little importance in the diagnosis of renal
insufficiency.

The first paper, "The Alkalimetry of Whole Blood\p=m-\APreliminary Study,"
by John B. Rieger, appeared in the J. Lab. & Clin. M. 5:668 (July) 1920.
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Hoesslin,9 Sellards,10 Palmer and Henderson,11 however, from their
studies of the effect of alkali administration on the reaction of the
urine, concluded that a condition of acidosis exists in the incipient
nephropathies as well as in a great variety of other pathologic conditions,
and often occurs unexpectedly. This observation is in harmony with
the findings of several earlier workers, who used a much cruder method
of study\p=m-\titratingthe alkalinity of the blood directly, with tartaric
acid and litmus paper. In 1878, Canard 12 noted that the alkalinity of
the blood is increased following digestion and after ingestion of alkali ;
decreased, following the ingestion of large amounts of acid. In 1879,
Lepine 13 reported a decreased alkalinity in chronic nephritis, gastric
ulcer, diabetes mellitus, and the anemias, and in 1888 von Jaksch,14 as

the result of an extensive investigation, concluded that there is decreased
alkalinity of the blood in every febrile process ; that the decrease is
constant in uremia, diseases of the liver which result in the destruction
of tissue, and in the anemias.

Later, Palmer and Henderson15 studied the acid and ammonia
excretion in various nephropathies and noted a decrease in the total
titrable acidity of the urine, most pronounced in late glomerular
disease, yet also to be observed in the early glomerular and in the degen-
erative processes. They noted that the decrease was invariably due
to an ammonia deficit, just as Adler and Blake 16 had observed that the
amount of base excreted in the urine of dogs fed hydrochloric acid
followed, in general, the variations in the amount of ammonia. Palmer
and Henderson 17 concluded, therefore, that the true regulator of urinary
acidity is to be found in the production of ammonia, a process which is
"not always correlated with the other regulatory processes of the
kidney." The regulation of the hydrogen ion concentration of the
blood, they believed to depend almost entirely on the acid excretion.
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PHOSPHATE RETENTION AND RENAL FUNCTION

That acidosis may at times be due specifically to retention of acid
phosphate is shown by the work of Greenwald,18 Marriott and How-
land,19 Feigl,20 Denis and Minot21 and others. Greenwald found that
the acid soluble phosphorus in nephropathies is increased roughly
parallel with the nonprotein nitrogen, while the careful work of Denis
and Minot showed a retention of inorganic phosphate by about 65
per cent, of the seventy nephropathic individuals studied, reaching ten
times the normal value in fatal cases and, in general, closely following
the condition of the patient. Marriott and Howland found the inorganic
phosphates usually slightly increased in marked renal disease, though
death occurred a number of times in such cases, without any increase
of phosphorus and without any evidence of acidosis. In certain
instances the phosphoric acid was found to be combined with twice as

much of the available base as was the carbonic acid, whereas in normal
conditions the base combined with phosphoric acid is only from one-

tenth to one-fifteenth of that combined with carbonic acid. In mild
cases in which the nitrogen retention and the phenolsulphonephthalein
elimination were not markedly affected, no phosphate retention was
observed.

The excretion of acid phosphate by the normal kidney is stimulated,
apparently, in all conditions in which acid tends to accumulate in the
body fluids. Thus, Fitz, Alsberg and Henderson 22 and later, Under¬
bill and Bogert23 found an increased elimination of phosphates in
rabbits fed with hydrochloric acid. Underhill and Bogert24 also noted
that diets producing acid urines in these animals increased the elimina¬
tion of phosphates through the kidney, while diets producing alkaline
urines forced a greater elimination by gut, an observation that has
been made on a great variety of animals by other workers and which

18. Greenwald, I.: The Estimation of Lipoid and Acid Soluble Phosphorus
in Small Amounts of Serum, J. Biol. Chem. 21:29, 1915.

19. Marriott, W. McK., and Howland, J.: Phosphate Retention as a Factor
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20. Feigl, J.: Ueber das Vorkommen von Phosphaten im menschlichen Blut-
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Blutes, ibid. 84:332 (Dec.) 1917.

21. Denis, W., and Minot, A. S.: Study of Phosphate Retention from the
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Diet, J. Biol. Chem. 27:161, 1916.
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probably forms the basis for the milk treatment of renal insufficiency
as it is practiced today. When injected subcutaneously into rabbits
Underhill and Bogert recovered from 70 to 100 per cent, of the
phosphate in the urine and the increment of excretion was no greater
with the monobasic than with dibasic and tribasic salts. There was

found, however, a wide variation in the ability of individual rabbits to
excrete phosphates through the kidney, and it is possible that a similar
variation in ability to excrete phosphates occurs among humans, and that
the phosphate content of the body fluids of the latter may, in some

cases at least, be profoundly modified by the action of the bowel.
The effect of acid phosphate retention on renal function is illustrated

by the work of Nagayama,25 who fed to rabbits molecularly equivalent
amounts of phosphorus as acid phosphate and as basic phosphate,
respectively, and was able to show that the urea excretory activity of
the kidney is distinctly depressed after the former, while the latter had
no appreciable effect. Sodium bicarbonate in amount markedly increas¬
ing the alkalinity of the plasma caused only a slight decrease in this
function.

ACID RETENTION AND RENAL FUNCTION

It has long been maintained, notably by Fischer,26 that an abnormal
production of acid in the body and its accumulation in the kidney is
responsible for the entire symptom complex known as nephritis. To
the action of the retained acid on the colloidal structures that make up
the kidney are due, in his opinion, the specific morphologic changes,
the proteinuria, the production of casts, etc., and on theoretic grounds
could as well be initiated by retention of alkali. Newburgh,27 and New-
burg and Squier,28 also state that they have been able to reproduce in
the rabbit all the anatomic changes characteristic of the chronic inter¬
stitial nephropathy in man, merely by feeding protein in amounts
sufficient to increase the urinary nitrogen from 2 to 300 per cent. They,
however, made no attempt to correlate their findings with any specific
product of protein metabolism, so that it cannot be said whether the
increased acid production that must result from such diets was or was
not a causative factor.

Of the conditions that govern the excretion of acid by the kidney,
little is known. If, as stated by Henderson, this organ is the first line
of defense against an accumulation in the body fluids of acid or alkaline

25. Nagayama, T.: The Urea Excreting Activity of the Kidney and Phos-
phate Excretion, Am. J. Physiol. 51:449 (April) 1920.

26. Fischer, M. H.: Nephritis, 1912, Ed. 1, New York, John Wily Sons.
27. Newburgh, L. H.: The Production of Bright's Disease by Feeding High

Protein Diets, Arch. Int. Med. 24:359 (Oct.) 1919.
28. Newburgh, L. H., and Squier, T. L.: High Protein Diets and Arterio-

sclerosis in Rabbits, A Preliminary Report, Arch. Int. Med. 26:38 (July) 1920.

Downloaded From: http://archinte.jamanetwork.com/ by a New York University User  on 05/11/2015



substances beyond the physiologic optimum, the first indication of its
functional lag should, it seems, be found in the acid or alkali binding
power of the blood.

The acid binding power of the blood, for convenience designated
"oxydesis," may be altered by processes occurring without, as well as

within the kidney. In the early stages of diabetes mellitus, for example,
oxydesis is definitely increased, and according to Michaelis 2ß and to

Menten,30 the H ion concentration of the serum is lowered, while in
the later stages, when there is considerable ketone formation, oxydesis
is notably decreased, and, according to the same observers, the H ion
concentration rises. This may be explained, perhaps, entirely by varia¬
tions in the ratio of ammonia to acid formed, or it may be due to a

preferential retention by the kidney of the stronger fixed bases, the
complete elimination in the early stages of acid ammonium salts and
later their gradual accumulation because of renal lag.

Since the H ion concentration of the blood depends on the ratio of
acid to alkali, the determination of the alkali reserve, indirectly by
measuring the bicarbonate bound carbon dioxid of the plasma, or

directly by one of the various forms of alkalimetry, cannot serve as an

infallible index of acidosis or alkalosis. Thus, Henderson and Hag¬
gard,31 Van Slyke,32 and Henderson, Haggard and Coburn 33 describe
nine theoretically possible combinations of acidosis, alkalosis and nor¬

mality, by the plasma bicarbonate index, with a high, low and normal
alkali reserve, several of which they have clinically observed in condi¬
tions where occur such abnormalities of respiration as hyperpnoe and
acapnia.

The combination of carbonic acid deficiency and high alkali reserve,
we ourselves have observed in diabetic coma of the rapidly advancing
type, the oxydesis here being moderately decreased, normal or actually
increased, in the face of a plasma bicarbonate content always below
twenty volumes per cent. In the nephropathies, however, except when
uremia or cardiac decompensation impends, there are, as a rule, no

respiratory complications and there is no increased production of acid
or alkali. An interesting exception is a condition designated paroxysmal

29. Michaelis, L.: Die Wasserstoffionen Konzentration, Berlin, 1914.
30. Menten, M. L.: The Alkalinity of the Blood in Malignancy and Other

Pathological Conditions, Together with Observations on the Relation of the
Alkalinity of the Blood to Barometric Pressure, J. Cancer Res. 2:179 (April)
1917.

31. Henderson, Y., and Haggard, H. W.: Hematorespiratory Functions,
J. Biol. Chem. 39:163 (Aug.) 1919; 43:3, 15 (Aug.) 1920; 47:421 (July) 1921.

32. Van Slyke, D. D.: Studies in Acidosis; Normal and Abnormal Varia-
tions in Acid-Base Balance of Blood, J. Biol. Chem. 48:153 (Sept.) 1921.

33. Henderson, Y.; Haggard, H. W., and Coburn, R. C.: The Therapeutic
Use of Carbon Dioxid after Anesthesia and Operation, J. A. M. A. 74:783
(March 20) 1920.
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dyspnea or "renal asthma," in which there is a nocturnal anaphylactoid
suppression of urine with profound dyspnea, superimposed on what
could otherwise be diagnosed a chronic interstitial nephropathy.

Whatever be the significance of an increase in the acid fixing
power of the blood, a decrease, whether it occur in a nephropathy, in
anemia, diabetes mellitus, inanition, ileus, pneumonia or gastric ulcer,
and whether it exist as cause or effect thereof, must with great fre¬
quency, if not always, be associated with a lag or impairment of renal
function. That it is a measure of such impairment cannot be affirmed,
for, as was previously stated, it is possible that in a chronic nephropathy
the resorptive activity of the bowel may greatly increase, and measur¬

ably subserve the function of the kidney.
THE ALKALIMETRY OF WHOLE BLOOD

The acid binding power, or oxydesis, of whole blood may be deter¬
mined as described in the first paper of this series and for the
purpose of this investigation represents the greatest amount of hun¬
dredth normal hydrochloric acid that can be added to a unit volume of
oxalated whole blood without clumping the erythrocytes. For con¬

venience the method is here repeated :

Ten clean dry test tubes are set up in a rack. To the first is added 9 c.c.
of an 0.85 per cent, salt solution (Merck's blue label sodium chlorid dissolved
in freshly distilled water) and 1 c.c. whole, fresh oxalated blood. A 1 c.c.
differential bactériologie pipet may be used for the purpose. The blood is
mixed with the saline by blowing through the pipet, and froth is avoided by
always keeping the tip of the pipet below the surface of the liquid. One
cubic centimeter of the diluted blood is then carefully placed in the bottom of
each tube, avoiding the sides, and starting on the left, hundredth normal
hydrochloric acid containing 0.85 per cent, chemically pure sodium chlorid is
added with a 2 c.c. differential pipet, starting with 0.7 c.c, and increasing the
amount by 0.05 c.c. with each tube. The tip of the pipet should be poised about
2 inches above the surface of the fluid, to insure rapid diffusion of the acid,
which should be dropped directly into the blood and not be touched off on
the glass. The tube, once charged, should be shaken immediately, and the
row not disturbed until the corpuscles have settled. The last tube which shows
the erythrocytes sharply settled in the center without any hemolysis in the
supernatant liquid represents the oxydetic value of the blood in question.

The blood should be collected not less than three hours after ingestion of
food, in 1 ounce salt mouth bottles, to which 1 c.c. of a 1 per cent, solution
of recrystallized, chemically pure sodium oxalate has been added and evaporated
to dryness. This amount is sufficient for 10 c.c. blood, which should be swirled
around the bottle immediately on collection. Failure to observe this precaution
will result in more or less agglutination of the corpuscles such as always occurs
previous to coagulation (blood containing no anticoagulant may be used if
one is in a position to dilute it immediately with nine volumes of physiologic
solution of sodium chlorid). The syringe and needle should be dry and clean
and the blood should be used immediately or placed in a good icebox, where
it will keep for twenty-four hours. It should be brought to room temperature
before measuring.

Whether the figure obtained in this way represents accurately the
buffer content or tampon power of the blood for acid, cannot be stated.
It is not known, for example, to what extent the blood-proteins are
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available to physiologically fix acid ; whether this fixation is a stoichio-
metric one or whether, as MacLeod 34 states, it is conditioned by the
H ion concentration of the blood and becomes greater as the latter
increases. The figures obtained will also vary because of differences
in calibration of glassware, standardization of acid and, perhaps, a

personal factor. The absolute oxydetic values are, however, of little
clinical importance. If the same acid and the same pipet be used for
the samples of blood that it is desired to compare, it will be found
that the amount of acid that can be added to a unit volume of normal
blood without clumping the erythrocytes is, for practical purposes, a

constant.
Fifty individuals, for example, ranging in age from 19 to 52 years

and whose blood and urine were found to be normal, showed an acid
fixing power of from 8.5 to 9.5 c.c. of hundredth normal hydrochloric
acid per 1 c.c. of whole oxalated blood. Forty-eight of these gave
a figure of 90, one, 85 and one, 95, three hours after ingestion of
food. Whether a figure below 90 consistently indicates a nephropathy
or a low renal reserve is the object of this study; and during the past
two years, alkalimetry was performed on all patients whose blood and
urinary findings suggested a nephropathy and for comparison in many
cases in which other diagnoses had been made.

OXYDESIS IN THE NEPHROPATHIES

The nephropathies of vascular origin were, for the purpose of this
study, grouped according to the amount of nitrogen retention shown
upon first examination. Group 1 comprised those patients in whom
hypertension was the sole finding. Group II showed in addition to
hypertension, a retention of nitrogen, and Group III showed hyper¬
tension, nitrogen retention and fixation of the specific gravity of the
urine. None of the patients of the last group were alive six months
after the date of examination. That the parenchymal involvement in
these cases was minimal is assumed because there was no history of
edema, and none was ever observed.

The nephropathies that were deemed to be predominantly paren¬
chymal in type were, for fault of a better classification, simply regarded
as early or late cases, forming Groups IV and V, respectively. Nearly
all the patients in these groups had more or less edema, their systolic
blood pressures were, as a rule, not high and they were, on an average,
much younger than the patients of Groups I, II, and III.

Group VI comprised individuals on whom a definite diagnosis of
nephropathy could not be made, in spite of proteinuria, edema or other
suggestive symptoms.

34. MacLeod, J. J. R.: Physiology and Biochemistry in Modern Medicine,
Ed. 3, 1920, St. Louis, C. V. Mosby Co., p. 41.
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Group VII was composed of what were considered primary cardiac
cases characterized by dyspnoea with cyanosis, feeble irregular pulse,
subnormal blood pressure and minimal renal involvement.

The nonprotein nitrogen was determined by the tungstic acid pre¬
cipitation method of Folin and Wu,35 and in the same filtrate the
chlorids were titrated by the Volhard method adapted thereto by
Rieger.38 The bicarbonate bound carbon dioxid was determined by
the gasometric method of Van Slyke.37

DISCUSSION OF RESULTS

Analysis of Tables 1, 2 and 3 reveals little tendency toward accumu¬

lation of acid in the nephropathies of vascular type, until a few months
before death, when oxydesis may be definitely decreased. These
patients do not, as a rule, die of acidosis, nor uremia, but of heart
failure and although the nonprotein nitrogen of the blood increases
steadily up to hundreds of milligrams per hundred cubic centimeters,
the phenolsulphonephthalein excretion drops to zero, and the blood
chlorids maintain a high level, oxydesis, in the last few days of life,
may increase. Patients M.D. and C.S. in Group III show

'

this
tendency to a minor degree, while patient 7,634, Group VII, shows it
markedly—oxydesis in the latter instance having been 105 at the time
of death. This patient was transferred from the class of vascular
nephropathies to that of predominant cardiac disease, because of falling
blood pressure, and oxydesis rose from 80 to 105, within four months.

Patients with marked cardiac involvement have not as a rule shown
low oxydesis and the advanced cases cited in Group VII show an acid
fixing ability definitely above normal. This is possibly due to mobiliza¬
tion in the blood stream of alkali to equilibrate the carbonic acid retained
through dyspnea.

In the diffuse nephropathies forming Groups IV and V oxydesis is
definitely decreased from the onset, acid being retained along with
salt, and less constantly, water, before there is any retention of non¬

protein nitrogen or phenolsulphonephthalein. The low figures obtained
in patients D.R.H.-S. and H.H.-N., both for oxydesis and blood bicar¬
bonate carbon dioxid, and in both instances within a few hours of death,
indicated that they died in acidosis, but that does not mean that they
died of acidosis, for D.R.H.-D showed the same low figures two
months before death, and D.R.H.-S. never had an oxydesis higher than

35. Folin, O., and Wu, H.: A System of Blood Analysis,.J. Biol. Chem.
38:81, 1919.

36. Rieger, J. B.: The Estimation of Chlorids in Whole Blood, J. Lab. &
Clin. M. 6:44 (Oct.) 1920.

37. Van Slyke, D. D.: A Method for the Determination of Carbon Dioxid
and Carbonates in Solution, J. Biol. Chem. 30:347, 1917.
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50 or a bicarbonate carbon dioxid higher than twenty-four volumes
per cent, during his entire stay of one month in the hospital. At
necropsy each of these patients showed bilateral large white kidneys.

Finally, there is a large group of patients whose symptoms suggest
renal disease, yet in whom the sole evidence of functional impairment
is decreased oxydesis. Some of these are included in Group VI.
Nearly all show proteinuria, one or two show beginning retention of
chlorids, and three or four show a slight edema.

An oxydetic value below 9 c.c. hundredth normal hydrochloric acid
per cubic centimeter blood seems, then,

'

to be an early and constant
sign of renal insufficiency, and in all likelihood is due to parenchymal
disease. Retention of acid in the diffuse nephropathies apparently
precedes the retention of salt and water and is closely related thereto,
while the retention of nonprotein nitrogen apparently does not occur
until secondary contraction has begun, or in the acute cases, when there
is marked oliguresis.

By the same token, the retention of nonprotein nitrogen is the
earliest sign of insufficiency in the vascular type of nephropathy—the
primarily contracted kidney, but owing to the great glomerular reserve

of the organ, retention of acid, chlorids and water does not occur until
very late in the disease.

Given, then, hypertension, breathlessness and edema, alone or in
association, oxydesis should serve as a gage of the distribution of
disease between the vascular bed and parenchyma of the kidney, and in
the later stages, as a relative measure of cardiac and renal sufficiency.
Thus a figure of 75 or above, with the symptoms mentioned, would
mean predominant vascular disease, while lower figures would indicate
predominant parenchymal disease. A figure of 85 or more, together
with breathlessness, would be taken as an indication of impending
heart failure.

The occurrence of decreased oxydesis in conjunction with such vague
symptoms as malaise, lassitude, pallor, slight proteinuria or transient
localized edemas, alone or in combination, demonstrates the possibilities
of alkalimetry in the diagnosis of early diffuse nephropathies.

Indeed, in our experience, a decreased oxydesis is the earliest and
most constant sign of renal insufficiency. What may be its exact
significance cannot be stated. The work of Nash and Benedict38
indicates that the kidney is a seat of ammonia formation, and Palmer
and Henderson have shown quite conclusively that there is, in the
various nephropathies, a deficit in the output of urinary ammonia, bound
with fixed acid. That certain ammonium salts retained by a damaged

38. Nash, T. P. Jr., and Benedict, S. R.:Tohe Ammonia Content of the
Blood and Its Bearing on the Mechanism of Acid Neutralization in the Animal
Organism, J. Biol. Chem. 48:463 (Oct.) 1921.

Downloaded From: http://archinte.jamanetwork.com/ by a New York University User  on 05/11/2015



kidney can function as acid in degree sufficient to appreciably lower the
alkali reserve, is exceedingly doubtful. It is more logical to argue that
the lesion which damages the acid excreting function of the kidney
damages the ammonia producing function as well.

SUMMARY

1. The greatest amount of acid that may be added to a unit volume
of whole blood without agglutinating its erythrocytes is taken as the
acid binding value of that blood. It is designated "oxydesis."

2. Oxydesis in health and'in the postabsorptive state is for practical
purposes a constant. For 1 c.c. whole blood, oxalated as described,
it is approximately equivalent to 9 c.c. hundredth normal alkali.

3. Oxydesis, below ninety (0.9 c.c. hundredth normal hydrochloric
acid per 0.1 c.c. blood) appears to be an early and constant sign of
renal insufficiency when due to a glomerular lesion.

4. In the diffuse nephropathies oxydesis is definitely increased
before there is retention of water, chlorids, or phenolsulphonephthalein
and long before there is nitrogen retention.

5. In the degenerative vascular nephropathies, there is retention
of nitrogen before there is retention of chlorids, water or phenol¬
sulphonephthalein, and oxydesis is not definitely decreased until the
late stages.

6. In cardiorenai disease, with preponderant cardiac involvement,
oxydesis is normal, and in the late stages increased.

7. In cardiorenai disease, oxydesis serves as a rough gage of the
relative involvement of heart and kidney.

8. Decreased oxydesis signifies a decreased alkali reserve, either
because of an accumulation of acid, deficient production of ammonia
or both.

We desire to express our thanks to Drs. Bruce C. Lockwood and Robert C.
Moehlig for helpful suggestions and for the use of material from their clinics.
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